Staphylococcus aureusand Staphylococcusepidermidisrank among the most important pathogens involved in nosocomial infections. Most virulence factors of these bacteria are controlled by the agr locus, which encodes a quorum-sensing system required for celldensity-dependent control of protein expression. The activity of the agr system is an important determinant of staphylococcal pathogenicity, and deletion of the agrlocus results in diminished virulence. So far, measurement of agr activity has been performed by Northern analyses of RNAIII, the intracellular regulatory molecule of the agr system. RNAIII controls expression of the target pathogenicity factor genes such as α -, β -, γ -toxin, toxic shock syndrome toxin, lipase, protease, several endotoxins and protein A, to name a few (9) .
Here, we present a new method for qualitative and quantitative measurement of the activity of the agrsystem by HPLC analysis of δ -toxin. The gene for δ -toxin, which itself represents a virulence factor, is encoded within RNAIII. Determination of δ -toxin expression therefore offers an alternative to the measurement of RNAIII expression to analyze agr activity.
δ -toxin is an amphiphilic molecule with surfactant-like properties. It is often used as a model substance for membrane insertion (6, 13) . Its amino acid sequence and three-dimensional structure have already been reported (4, 8, 14) . Different purification procedures for δ -toxin have been described, all requiring many purification steps (3, 4) . We combined hydrophobic interaction chromatography using polystyrene/divinylbenzene materials with a water/acetonitrile gradient to purify and analyze δ -toxin in a one-step procedure.
The most important advantage of this procedure is that pretreatment of the samples before analytical HPLC is unnecessary. Supernatants are not normally injected directly onto an analytical HPLC column, but require initial purification by precipitation or initial chromatographic steps, for example. δ -toxin was analyzed directly in the supernatants of bacterial cultures grown in a commonly used complex media [tryptic soy broth and basic medium: 1% tryptone (Difco Laboratories, Detroit, MI, USA), 0.5% yeast extract (Life Technologies, Eggenstein, Germany), 0.5% NaCl, 0.1% K 2 HPO 4 and 0.1% glucose]. The media was centrifuged at 1 9 000 × gfor 5 min in a normal bench centrifuge. The omission of initial purification before analytical HPLC was possible because of the insensitivity and high chemical stability of the column matrix material, which allow for harsh washing procedures. The phenyl-derivatized (PHE) material of the used column (Resourse PHE 1-mL column; Amersham Pharmacia Biotech, Freiburg, Germany) is normally suggested for use in hydrophobic interaction chromatography. With a water/organic solvent instead of a high salt/low salt aqueous buffer gradient, δ toxin is almost the only protein that binds to the column. The reason for this is likely because of the extreme amphiphilic nature and αhelical structure of δ -toxin. Very tight binding of such molecules to reversedphase matrices has been described (15) . Supernatants from more than several hundred strains of staphylococci could be analyzed for δ -toxin concentration on one column by this procedure. This would not have been possible using conventional silica-based, reversedphase matrices, which would soon have become contaminated.
A Resource PHE 1-mL column was used with a gradient from 10%-90% buffer B [buffer A: 0.1% trifluoroacetic acid (TFA) in water; buffer B: 0.1% TFA in acetonitrile] over 15-column volumes at a flow rate of 2 mL/min. This results in a total time of about 14 min-analytic run, including column purging (3-column volumes at 100% buffer B) and equilibration (4-column volumes at 0% buffer B). After injection of the sample (500 µ L), 6-column volumes of 10% buffer B were passed through the column before beginning the gradient. A Kontron HPLC system equipped with a Kontron DAD 440 diode array spectrometer was used (Bio-TEK Kontron, Neufahrn, Germany).
δ -toxin of both S. epidermidis and S. aureuselutes at a retention time of about 7.5 min (after sample injection) as a distinct peak. Integration of the δ -toxin peak area was performed at 280 or 214 nm alternatively. The identity of δ -toxin was determined after peak fractionation by mass spectrometry and Nterminal sequencing. The spectrometric data revealed that the substance was highly pure and that most of the δ -toxin was N-formylated. Determination of the N-terminal sequence was still possi -ble with much of the material, suggesting that small amounts of the purified δ -toxin were not N-formylated. This is in accordance with earlier reports on partial N-formylation of staphylococcal δ -toxin (5, 8) . We have used this procedure to determine agr activity in various S. aureus and S. epidermidis strains. Figure 1 shows examples of agr -positive and agr -negative S. aureus strains. S. epidermidissamples look quite similar (data not shown).
Quantitative analysis of δ -toxin allowed the investigation of the influence of the synthetic S. epidermidis agr pheromone on the agr system of S. aureus (12) . Increasing concentrations of this substance resulted in increasing inhibition of the S. aureus agrsystem, which is reflected by decreasing expression of the S. aureusδ -toxin, as shown in Figure 2 . Northern analyses or reporter enzyme assays [using β -lactamase (10) or chloramphenicol acetyltranferase (11) transcriptional fusions] are the classic methods used to determine agractivity. HPLC detection of δ -toxin offers the advantage that ( i ) construction of vectors or probes before detection is not necessary, and ( ii ) compared to Northern analyses, the preparation of samples is much easier.
In contrast to the other methods, δ -toxin detection analyzes agr activity
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Figure 2. Suppression of δ δ -toxin expression in S. aureus by the S. epidermidis agr pheromone.
Increasing amounts of synthetic S. epidermidis agr pheromone (an octapeptide with an intramolecular thioester) were applied to S. aureus cultures after an 1:100 inoculation from precultures. The cultures were grown for 8 h, and δ -toxin in the culture filtrate was detected at 214 nm as described in the Figure 1 legend. on the translational instead of the transcriptional level. As the translation of δ -toxin from RNAIII has been shown to be delayed by about 1 h from the onset of RNAIII transcription (2) , it is necessary to use cultures that are definitely in stationary phase. The new method is therefore not proposed for the analysis of the regulation procedure in detail, for which Northern analysis is indispensable. But we think it is especially suited for the evaluation of agrinterfering drugs, which have recently been suggested by us and many others as a potential anti-staphylococcal therapy (1, 7, 12) .
In summary, our method provides a fast and easy way to determine the concentration of δ -toxin in staphylococcal culture filtrates with no need for sample pretreatment. This method can be used for qualitative and quantitative measurement of agractivity in S. aureus and S. epidermidisand is also an easy means for the one-step purification of δ -toxin.
Michael Otto and Friedrich Götz Universität Tübingen Tübingen Germany

Method to Decrease the Titers of Contaminating Helper Adenovirus during the Production of Recombinant Adeno-Associated Virus
BioTechniques 28:1096-1100 (June 2000) Recombinant adeno-associated virus (rAAV) vectors are becoming increasingly important in gene transfer applications. However, large-scale production of rAAV to high titer and purity is laborious and time consuming. Traditional production methods lead to contamination with helper adenovirus particles and proteins, which must be eliminated from viral stocks if these are intended for in vivo applications. Recent production protocols have addressed this issue through the design of helper plasmids that contain all adenoviral genes necessary for AAV replication, yielding adenovirus-free stocks of rAAV (7, 12, 15) . However, recent protocols for largescale production of rAAV rely on producer cell lines that are infected with a helper virus (2, 5) , and many laboratories continue to use adenoviral helper systems. For this reason, many investigators are exploring new ways of reducing adenoviral contamination, either using replication-defective adenovirus mutants (9) or devising purification systems that eliminate adenovirus particles present in rAAV stocks (3, 16) .
We explored whether rAAV could be successfully produced using an E1-and E3-deleted helper adenovirus ( Ψ 5) in which the packaging signal is flanked by lox P sites (4) . When this adenovirus infects cells expressing Cre recombinase, recombination between the two lox P sites and excision of the packaging signal from the adenoviral genome take place. This leads to the generation of adenoviral genomes that have lost the packaging signal and therefore cannot be packaged into viral particles.
Since conventional methods for the production of rAAV use 293 cells and wild-type helper adenovirus, we hypothesized that replacing these by Creexpressing 293 cells (Cre8 cells) and Ψ 5 helper virus would lead to rAAV stocks with much lower levels of contaminating helper adenovirus. To test this hypothesis, we first constructed plasmid pX2luc, which contains the luciferase reporter gene in an expression cassette that includes the myosin light chain 1/3 enhancer upstream of the cytomegalovirus immediate-early promoter. This promoter/enhancer combination has been shown to increase expression levels in C2C12 myotubes in vitro (10) . The luciferase expression cassette (3964 bp) was excised with Sal I and cloned into Xho I-digested pAAV.luc.A (8), a derivative of plasmid psub201 (13) . The resulting construct, pAAVX2luc, contains the luciferase expression cassette flanked by the AAV inverted terminal repeats. Plasmid pAAV/Ad (14) , which contains the rep and capgenes from AAV2, was used as helper. Either 293 or Cre8 cells were plated on 10-cm dishes to 70%-80% confluence, co-transfected with plasmids pAAVX2luc and pAAV/Ad with the calcium phosphate method for 16 h and infected with Ψ 5 helper adenovirus at an approximate MOI of 2 (Cre8 cells and Ψ 5 adenovirus were a kind gift from Stephen Hardy, University of California San Francisco, San Francisco, CA, USA). Each culture dish was harvested 72 h after infection. After centrifugation, cell pellets were resuspended in 1 mL lysis buffer (50 mM HEPES, 150 mM NaCl, pH 7.6), lysed with three freeze-thaw cycles, centrifuged 20 min at 1000 × gand the supernatants stored at -80°C.
The total number of viral particles in each preparation was determined by slot-blot hybridization after DNase I treatment, using a probe directed to the transgene, with the ECL ™direct nucleic acid detection system (Amersham Pharmacia Biotech, Barcelona, Spain). The total number of viral genomes (particles) was calculated by quantification of the hybridization signal of the samples and a set of standards prepared from the original plasmid pAAVX2luc. We found the number of viral particles in the lysate from Cre8 cells was approximately twofold higher than in the lysate obtained from 293 cells ( Figure 1A) . This probably reflects a difference in the total number of cells present at the moment of harvesting, as a result of different survival rates during transfection. Alterna -
